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MATERIAL 
(57)Abstract: 

PROBLEM TO BE SOLVED; To provide a hard coating sintered material used for cutSng 
tools, etc., with improved adhesion of hard coating and adjacent material. 
SOLUTION: This is the hard coating ultrahigh temperature high pressure sintered material 
consisting of coated base material of ultrahigh temperature high pressure sintered material 
containing cubic system boron nitride and/or diamond and its coating containing hard coating 
of one kind of single iayer or muiti layers of more than two kinds chosen among Tl compounds 
layers and TI-AI compounds layers and its coating consisting of cubic system crystal structure. 
F^egarding the hard coating, when an X-ray diffraction is carried out on the indicated range of 
crystal faces (1 11), (200), (220), and (311) of the hard coating, (200) crystal face shail show 
the highest peak strength (shown as 'A') of X-ray diffraction peaks and shall have the relation 
of /VB>8.5 against the second highest peak strength (shown as 'B") and the relation of B/Cs 
2.0 between B and the third highest peak (shown as 'C'). 
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* NOTICES * 

jPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 

original precisely. 

2. **** shows the word which can not be trt^rislated. 

3. ki the drawings, any words are nottransialed. 



DETAILED DESCRiPTiON 

[Detailed Description of the invention] 
[0001] 

[Field of the invention]This invention relates to the rigid film covering super-high-temperature- 
high-pressure sintered compact with which the tunic containing the rigid film which comes by 
the monolayer of a Ti compound layer and/or a Ti-aluminum content compound layer or a 
multilayer on the substrate of the super-high-temperature-high-pressure strlttersd compact 
containing cubic boron nitride and/or a diamond was covered. 
[0002] 

[Description of the Prior Art]The super-high-temperature-high-pressure sintered compact which 
sintered from the former powder mixture with the diamond which is a super-high hardness 
substance, the powder of cubic boron nitride and metal, and/or the powder of ceramics with a 
super-high-temperature-high-pressure device is used. This super-high-temperature-high- 
pressure sintered compact is used as a substrate, and the rigid film covering sintered compact 
which covered the rigid film on this substrate using chemical vapor deposition (henceforth a 
"CVD method"), physical vapor deposition (henceforth "PVD"), or plasma CVD method is 
proposed. JP,59-8679,A. JP,61-183187,A, JP,1-96G83,A, JP,1-96084,A, and JP,7-24606,A 
are one of the typical things of this rigid film covering sintered compact. 
[0003]Cemented carbide, the sintered alloy of a cermet, or a ceramic sintered body is used as 
a substrate from the former, and it has used with gestalten with a various covering sintered 
member which covered the rigid film on this substrate using a CVD method, PVD, or plasma 
CVD method. Although the crystal structure of the rigid film was observed among these 
covering sintered members, to a typical thing. JP,52-28478,A, JP,8-209335,A, the publication- 
number No. 291353 gazette, JP,9-295204,A, J P, 9-300 105, A, JP,9-300106,A, JP,9-323204,A, 
JP,9-323205,A, JP,10-76407,A, There are JP,10-76408,A, JP,1 1-1762,A, JP,11-131214,A, 
JP.11-131215,A, JP,11-131216,A, and JP,11-131217,A. 
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[00(34] 

[Problem(s) to be Solved by the invention|JP,69-8679,A among the cited documents quoted as 
conventional technology, To JP.61-183187A JP,1-96083A JP,1-96084A and J P. 7-24606, A. 
The super-high-temperature-high-pressure sintered compact which Ffialnly contained cubic 
boron nitride is used as a substrate, and the rigid film covering sintered compact which 
covered rigid fiims, such as carbide of Ti, a nitride, cart)on nitride, and an aluminum oxide, to 
this base rnaieria! surface at the monolayer or the muitiiayer is indicated. The rigid fiim 
covering ssntered compact of an indication in the gazette of these five affairs may be 
characterized [ main ] by the substrate composition component of a sintered compact, when 
characterized [ main ] by the composition of the rigid film which becomes by the monolayer or 
a muitiiayer when characterized [ main ] by the membraneous quality of a rigid film. Although it 
is thought that the rigid film covering sintered compact of an indication is uniting with the 
gazette of these five affairs apparently the effect which was excellent in the substrate itself, 
and the effect which was excellent In the rigid film itself, since it is not considered in particular 
about the conformity of a substrate and a rigid Mm, there is a problem of becoming a short life 
by exfofiatlon of a rigid film. It stems from an ecology problem like recent years, and a saving- 
resources problem, As opposed to a cutting tool suitable for a demand of commercial scenes, 
such as the optimal cutting tool accompanying diverslflcatfon fncludtn:g the material change etc. 
of the tool for dry cutting and work material which are cut without using cutting oil, further high 
speed cutting condition, a heavy load cutting condition, and a highly efficient cutting condition, 
etc, There is a problem that the rigid film covering sintered body of an indication in the 5 affair 
gazette has a high tendency which becomes a short life with shortage of the ease of exfoliating 
of a rigid film or heat resistance, and thermal shocit resistance etc. 
{0005]JP,52-28478,A, JP,8~20933$,A quoted as other cited documents, The publication- 
number No. 291353 gazette, JP»9.295204,A JP,9-300105A JP.S-SOOI 06 A aP.9-323204,A, 
JP,9-323205,A, JP.10.76407A JF,10-76408,A, JP,11-1762,A. To JP,1 1-131214A JP.11- 
131215,A, JP,11-131216A and JP,11-131217A Cemented carbide, the sintered alloy of a 
cermet, or a ceramic sintered body Is used as a substrate, The covering sintered member with 
which the rigid film of the Ti-aiumlnum content compound which comes on this substrate by the 
complex nitrides, the complex carbide, compound carboniWde, the compound nitric oxide, 
compound carbonation thing, and CQmpomd charcoal nitric oxide co.Qtaining periodic table 4a 
fellows' carbide, nitride, carbon nitride and titanium, and aluminum was covered is indicated. 
{0006]The covering sintered member of the indication In the gazette of these 15 affairs carried 
out orientation of the rigid film of a base material surface mainly to various gestalten. When the 
residual compressive stress in a rigid film is being taken into consideration in the gazette of 
these 15 affairs, or the crystal orientation in a rigid film may be taken into consideration, and 
control of the intergranular fracture In a rigid fiim, improvement in the adhesion of a substrate 
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and a rigid film, wear-resistant improvement, stable cutting, or long lasting achievement is 
indicated as the effect. However, the covering sintered member of an indication in the gazette 
of these 15 affairs, From the defect of a crystai and distortion which exist in a rigid fiim not 
being considered, and not being considered in particular about the conformity of a substrate 
and a rigid film. Cannot be satisfied with adhesion with other films which adjoin the adhesion 
and the rigid film of a substrate and a rigid film, By the time it also satisfies the intensity of the 
rigid film itself, and abrasion resistance, it will not result, but the variation in a life is large and 
there is a problem of mainly becoming a short life with the shortage of the ease of exfoliation of 
a rigid film or heat resistance, thermal shock resistance, etc., to a demand of a commercial 
scene which was mentioned above when it used as a cutting tool. 
[0007]This invention is the above problems what was solved, and specifically, By mainly 
considering the crystal structure conformity of the substrate of a super-high-temperature-high- 
pressure sintered compact, and the rigid film which adjoins this substrate and is covered, the 
defect of the crystal of a rigid film, distortion, a crystal structure, and crystal orientation, 
Improve the adhesion of a substrate and a rigid film extremely and the variation in the 
characteristic of a rigid film is controlled, It is considered as a rigid film with high toughness, 
high hardness nature, abrasion resistance, oxidation resistance, thermal shock resistance, 
defect resistance, and welding-proof nature, The usage region as a cutting tool is expanded 
and it aims at offer of the rigid film covering super-high-temperature-high-pressure sintered 
compact which made a long life attain further by considering it as the rigid film which raised 
welding-proof nature with a work material. 
[0008] 

[Means for Solving the Problem]Research on membrane fomnation of a rigid film concerning 
[ this invention person ] a CVD method, PVD, and plasma PVD, A result which continued at a 
long period of time and has done research on a rigid film especially by PVD, When making the 
surface of a substrate which becomes with a super-high-temperature-high-pressure sintered 
compact containing cubic boron nitride and/or a diamond cover a rigid film which becomes by 
Ti compound layer and/or a Ti-aluminum content compound layer, knowledge that there is 
optimal rigid film composition is acquired. If it changes into the state of performing 
improvement in plasma density at the time of membrane formation of a rigid film, and 
improvement in ionization efficiency, and making it gaseous-phase-method-growing epitaxially 
further when this knowledge is explained concretely, A defect of a crystal of a rigid film is 
controlled [ that distortion in a rigid film is eased uniformly, ], From that a rigid film of a fine 
crystal is obtained, and becoming a rigid film of a crystal which is not seen and which changed 
orientation Into optimal state extremely at the former. The 1st knowledge that become possible 
to raise intensity, abrasion resistance, oxidation resistance, and heat resistance of the rigid film 
itself, and improvement in the adhesion of a rigid film and a substrate becomes remarkable. 
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When the X diffraction of the oriented state of a crystal of a rigid film is carried out from the 
surface of a rigid film, its 2nd knowledge that it can judge when peak intensity of a crystal face 
becomes extremely high to other crystal faces (200) in a rigid film is main. Based on these 
knowledge, it comes to complete this invention. 

[0009JA tunic is covered by the surface of a substrate which becomes with a super-high- 
temperature-high-pressure sintered compact containing cubic boron nitride and/or a diamond, 
and a rigid film covering super-high-temperature-high-pressure sintered compact of this 
invention this tunic, A Ti compound layer which becomes by carbide of titanium, a nitride, 
carbon nitride, a carbonation thing, nitric oxide, and a charcoal nitric oxide, And complex 
nitrides, complex carbide, compound carbonitride containing titanium and aluminum, It has one 
sort of monolayers or two or more sorts of multilayer rigid films selected from Ti-aluminum 
content compound layers which become by compound nitric oxide, compound carbonation 
thing, and a compound charcoal nitric oxide. This rigid film that adjoins this substrate and is 
covered consists of a cubic crystal structure, and a copper target is used from the surface of 
this rigid film, When the X diffraction of the range as which a crystal face of (1 11) of this rigid 
film, (200), (220), and (31 1) is displayed is carried out, a crystal face (200) shows high peak 
intensity (it expresses "A") to the 1st in an X diffraction peak, and high peak intensity (it 
expresses "B") is received the 2nd - this ~ a ratio of high peak intensity becoming the 1st or 
more from 8.5 (A/B>=8.5), and to it, and peak intensity (it expresses "C") high to the 3rd is 
received -- this -- a ratio of high peak intensity (8) becomes the 2nd or less by 2.0 (B/C<-2.0) 
[001 0]A rigid film covering super-Hgh-temperature-high-pressure sintered compact of this 
invention applies gaseous phase mefhod epitaxtel growth technology, Intensity of the rigid film 
itself and toughness are improved by strengthening orientation of a crystal face in a rigid fUm 
(200) which becomes by monolayer of a Ti compound layer and a Ti-aluminum content 
compound layer, or a multilayer, and controlling distortion in a rigid film as much as possible, 
and the SHlNAJl effect that abrasion resistence ts aiso exoeltent is demonstrated. When an X 
diffraction is carried out using a copper target from the surface of this rigid film, peak intensity 
(A) of a crystal face over high peak intensity (8) (200) to the 2nd by less than 8,S (A/B<8.5). 
and peak intensity (C) high to the 3rd is received - this, when a ratio of high peak intensity (B) 
becomes high the 2nd exceeding 2.0 (8/C>2.0), (200) Since a stacking tendency to a crystal 
face is weak, a defect in a film and distortion become large and the above-mentioned SHlNAJi 
effect becomes weak, determine It as a peak height ratio of the above crystal faces. In 
consisting of A/B>-9.0 and B/C<-1.5 is preferred as for a pmk intensity ratio of this crystal 
face and becoming by A/B>=;10.0 and 8/C<»1.5 especially, The much more crystai orientation 
promotion and control of a defect or distortion will be caused, adhesion with a substrate will be 
improved, and ft Is desirable. 
100111 
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[A mode of implefYienlation of an invention] Using a super-high-temperature-high-pressure 
sintered compact containing cubic boron nitride and/or a diamond which serve as practical use 
or common knowledge from the fonder cuts a substrate in a rigid film covering super-high- 
temperature-high-pressure sintered compact of ttiis invention. With a substrt^te of a super- 
high -temperature-high-pressure sintered compact which cubic boron nitride contained, for 
example, specifically. 20 to 98 % of the weight and the remainder conlent of cubic boron nitride 
4a and 5a of the periodic table, 6a fellows' metal, Mn, fe, nickel, Co, Si, aluminum, metai of 
Mg, A cubic boron nitride C containing sintered body which becomes these alloys, these 
carbide, a nitride, an oxide, borlde, and one or more sorts of qualitatively ( selected from these 
mutual solid sofutiorts ] of a reinforcement dispersed maiter can be niefttloned. In a substrate 
of a super-htgh-temperature-high-pressure sintered compact \A^ich a diamond contained, for 
example, a diamond C containing sintered body which becomes about content of a diamond 
70 to 99 % of the weight and qualitatively [ with the above-mentioned remairider | of a 
reinforcement dispersed matter can be mentioned- In a substrate of a super-high'temperature- 
high-pressure sintered compact tn wflich cubic boron nitride and a diamond were intenmingled, 
for exampie^ a sintered compact which will be 15 to 80 % of the weight about content of a 
diamond in content of cubic boron nitride 15 to 80 % of the weight and qualltativeJy [ with the 
above-nrontioned remainder ] of a reinforcement dispersed matter can be mentioned, 
[0012lCubic boron nitride among these substrates 40 to 96 % of the weighty Compound boride 
in which the remainder contains carbide of Tl, a nitride, carbon nitride and boride, a nitride of 
aluminum, an oxide, boride and a nitride of Si, carbide, an oxide of Mg, carbide of W and these 
mutual soiid solutions, Ti, and alumimm and Mg, compound ******** and aluminum. Ti, Co, 
nickel, Si, In becoming with these mutual alloys and a super-high-temperature-hlgh-pressure 
sintered compact containing at least one sort of quality of a reinforcement dispersed matter 
selected from Intermetallic compounds. Orientation of a rigid fifm covered by base matertat 
surface comes to be [ excelling in the characteristics, such as intensity of the substrate itself, 
and high hardness ] easily excellent. That is, it is desirable firom an X diffraction peak of a 
crystal face (200) becoming extremely high to other crystal faces among crystal faces of (11 1 ), 
(200). (220), and (31 1), and exceiling In the adhesion of a substrate and a rigid Hfm, and a 
defect In a rigid film being controlled. 

[0013]These substrates are desirable things from frictlonai resistance becoming low, 
roughness on the rigid film surface and the surface of a work materia! being controlled, and a 
life improved effect becoming high, when surface accuracy was made high, and a tendency for 
surface accuracy of a rigid film covered by base material surface to also become high is 
shown, for example, is used as a cutting toot. As for surface accuracy of a substrate, 0.1 
micrometer or less is preferred at Ra which is the arithmetical mean deviation of profile in 
surface roughness specified to JIS B0601 , and, as for more desirable one, Ra consists of 0.05 
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micrometer or less. 

[0014]if composition of a tunic covered by these base material surfaces is concretely divided 
roughly, when a base material surface will be adjoined and only a rigid fiim will be covered 
directiy. a rigid film and other films other than a rigid film may be covered by base material 
surface. Among these, if the latter tunic composition is explained, composition with which a film 
besides substrate-rigid film - was covered one by one, composition with which a film-rigid film 
besides substrate-rigid film - was covered one by one, and composition by which a rigid film 
and other films were laminated twice or more repeatedly, respectively can be mentioned. A 
rigid film which adjoins a substrate and is covered consists of a cubic crystal structure among 
these, and crystal orientation by an X diffraction mentioned above is performed. 
[00 15] When the surface of a rigid film which these tunic surfaces adjoin a substrate and is 
covered turns into the tunic surface as it is, other films may serve as the tunic surface. By 
arithmetical-mean-devjatlon-of-profile Ra in surface roughness specified to JIS B0601, 0,1 
miCTOmefer or less, if this tunic surface shall be 0.05 micrometer or less preferably, When it is 
used as a cutting tool, it is much more desirable thing that becomes long lasting from that 
damage to a work malerial is eased, that cutting force is eased, and discharge of a chip 
becomir^g easy. 

[0016|i/\s tilts tufiic eomposition, about fundamental composition of a rigid film, if it explains in 
detail still more concretely, A substrate-TiN layer, a substrate-TiC layer, a substrate-Ti (N, C) 
layer, a substrate-Ti (N, O) layer, A substrate-Ti (C, 0) layer, a substrate-Ti (N, C, O) layer, a 
substratB-(Ti, aluminum) N layer, A substrate-(TI, alumimtti) (H, C) layer, a subs£rate-(Ti, 
aluminum) (H, O) layer, A substrate-TiH layer-(TI, alum^oum) H layer, a substrate-Ti (N, C) 
layer-(Tj, aluminum) N layer, A substrate-Ti <N, O) layer-(TI, aluminum) N layer, a substrate-Ti 
(C, 0) layer-(Ti, aluminum) N layer, a substrate-Ti (N, C, O) layer-{Ti, aluminum) N layer, or a 
rigid ff)m that laminated three or more layers of these can be mentioned as an example of 
r^resentation. 

[0017]As tunic composition adapting these rigid films, A substrate-Ti N layer-aluminum^O^ 
layer and substrate-Ti (N, O) layer-aluminum^O, layer. A substrate~(Ti, aluminum) N layer- 
aiurninum^O^ layer and substrate-(Ti, aluminum) (N, O) layer-aiuminum^O^ layer, A substrate- 
TiN layer-(Ti, aluminum) N layer-aluminum^O^ layer and substrate-TiN layer-(Ti. aluminum) (N, 
O) layer-aluminum^O,^ layer, A substrate-TiN layer-columnar crystal Ti (C, N) iayer- 
aiuminum^O^ layer, A substrate-Ti (N, O) layer-columnar crystal Ti (C, N) iayer-aluminum^Og 
layer, A substrate-TiN layer-aluminum^O^ layer-TIN layer, a substrate-Ti (N, O) iayer- 
aluminum^O^ layer-TiN layer, A substrate-(Ti, aluminum) N Iayer-aluminum203 layer-TiN layer 
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f0018iln becoming with a monolayer or a multilayer rigid film which adjoins a substrate among 
these tunic composition and is covered, it excels in adhesion by being the same crystal 
structure as cubic t>oron nitride and/or a diamond which a rigid film contains in a substrate, It is 
desirable from cubic boron nitride in that a coating process of a tunic is simple, becoming 
sho?1enlng of process time, that variation on a quality control decreases, and a substrate at the 
time of rigid film covering and/or an inverse transformation preventive effect of a diamond 
being easy, if it has tunic composition which becomes in a lay«r of a rigid film contiguous to a 
substrate, and an aluminum oxide contiguous to this rigid film, or tunic composition which 
fopeated and laminated a layer of a rigid fiim and an aluminum oxide, it Is desirable from 
demonstrating synergisticaily an effect by a layer of an aluminum oxide of improving heat 
resistance in a high temperature region, oxidation resistance, and abrasion resistance further 
with an effect of a rigid film which adjoins a substrate mentioned above and is covered. 
[001 9]A fiyfd film contiguous to a substrate which becomes indispensable constituting these 
tunics has a case of a Ti compound layer which becomes by monolayer or a multilayer, this Ti 
compound layer ~ Ti(C^, N^, O^) Ji- however, An atomic ratio of carbon (C) element in a 

nonmetailic element and y x An atomic ratio of nitrogen (N) element in a nonmetaihc eiement, 
An atomic ratio of a nonmetaHic element to titanium (Ti) element whose z is an atomic ratio of 
oxygen (O) element in a nonmetaiiic element and whose w is a metaliic element is expressed, 
When each becomies by a Ti compound layer expressed with x+y-^-z^l. 0.5>=x>=0, 
i>=:y>=:0.5, 0.5>~z>=0, and] thai has a relation of 1.05>=w>=0,7, it is desirable from, 
demonstrating an effect of an above-mentioned rigid film easily. 

[0020]A rigid film contiguous to a substrate has a case of a Ti-alumlnum content compound 
layer which becomes by monolayer or a multilayer, this Ti-a!uminum content compound layer - 
>'riTi aiujranum ) n ^ ^"^o^'^'®"'^'®^' atomic ratio of Ti (titanium) element in a metallic 

element and b a An atomic ratio of aluminum (aluminum) element in a metallic element, An 
atomic ratio of carbon (C) element in a nonmetaliic element and y x An atomic ratio of nitrogen 
(N) element in a nonmetailic element, An atomic ratio [ as opposed to / as opposed to / in z / 
an atomic ratio of oxygen (O) element in a nonmetaihc element ./ the sum total of a metallic 
element in w ] of a nonmetaliic element is expressed, each a+b - = - one - 0.8 - >- - a - 
>= — zero . ~- four ~ x+y+z - ~ - one - 0.5 - >= -x - >= - zero - one ~- >= y ~ >~ - zero . 
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-~ five - 0.5 - >= ~- z -■ >= - zero 1 .05 - >= ~~ w - ■■ 0.7 ~- a relation - it ss -] 
expressing ~~ having - Ti-aluminum ~~ content ~- a co.^pound layer - becoming a case - 
**** It is desirable frorrs excelling in abrasion resistance excelling in adhesion and compatibiiity 
In a tiOi'd ?ido of a substrate, a rigid film, and an aiumfnum oxide with a iayer, and Uoi. and 
oxidation resistance. A rigid film may consist of a multilayer which becomes by Ti compound 
layer and a Ti-aiummum content compound layer, and composition of this rigid film is desirable 
from demonstrating abrasion resistance and oxidation resistance in a larger temperature range 
Vvfith the same effect as 

[0021 jWhen a Ti-aluminum content compound layer exists in all the rigid films including a rigid 
film contiguous to these substrates, aluminum elemental content in a Ti-aluminum content 
compound iayer is decreasing toward the substrate side from the surface side of a Ti- 
aluminum content compound layer, It is desirable from excelling in intensity of that the 
adhesion of a substrate and a rigid film is excellent, and the rigid film itself, and toughness, if 
the so-called rigid film of an inclination presentation is used, and oxidation resistance on that a 
defect, distortion, and remaining stress decrease and the surface of a rigid film, abrasion 
resistance, and corrosion resistance being excellent. Though reduction of aluminum element at 
this time has increase and decrease in stair-like and edge shape of a saw in micro, when it 
decreases gradually on a macro target, a case where ft Is decreasing continuously lo parabolic 
and linear shape may be sufficient as it. 

[0022]A rigid film which becomes by these Ti compound layers and/or a Ti-aluminum content 
compound layer, especially a rigid film contiguous to a substrate, the inside of tht$ rigid Itim - 
4a and Sa of the periodic tabie, 6a gmup metal, iror^-group metal, aluminum, 8i, Mn, and Mg - 
a little alloys of these or at least one sort of rigid film strengthening substances in an 
intermetallic compound may contain. In becoming by at least one sort chosen among these 
rigid film strengthening substances from metal of ruckei, Co, W, Mo, aluminum, and Ti, these 
mutual alloys, and these intermetallic compounds. It is desirable from a defect and distortion 
being eased, and an effect of the above-mentioned rigid film improving further, and becoming 
remarkable. Especially in the case of an element contained in a substrate, and a substrate 
which becomes by the above-mentioned cubic boron nitride C containing sintered body 
concrete, for example, when it consists of an element which constitutes quality of a 
reinforcement dispersed matter, it is a desirable thing from improving one layer of effect nearby 
of the adhesion of a substrate and a rigid film with an effect of the above-.mentioned rigid film. 
[0023JAS content of these rigid film strengthening substances, specifically. When below 1 
volume % contains ( below 3 volume % J preferably to the sum total of a Hgid film and a rigid 
film strengthening substance, while excelling in compression strength-proof of the from both { a 
perpendicular direction and / horizontal ] the surface, and compressive strength-proof, [ of a 
composite hard film ] [ both ] From a synergistic effect of excelling also in abrasion resistance 
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being demonstrated, it is desirable. 

[0024]When a columnar crystal which grew perpendicularly pillar-shaped to a base materia! 
surface as a structure of the rigid film itself is contained, it Is desirabie from compression 
strength-proof from the surface of a composite hard film improving, and excelling rn peeling 
resistance and minute-proof chipping nature. When, as for a rigid film containing this columnar 
crystal, the whole rigid film specificaliy becomes in a layer of a columnar crystal, When 
becoming in an intermingled layer of a granular crystal and a columnar crystal and becoming in 
lamination with a layer of a granular crystal, and a layer of a columnar crystal, a case where a 
little rigid film strengthening substances mentioned above in each of these granular crystals 
and columnar crystals contain can be illustrated. 

[0025]A rigid film covering super-high-ternperature-high-pressure sintered body of this 
invention which becomes in various .kinds of above modes, it can use for various kinds of uses, 
and, specifically, can use as tools for abrasion proof, such as the cutting edge, such as a 
slitting machine, and a decision edge, for example from die tools, such as a iathe-fejming tool, 
a milling cutter tool, a drill, a cutting toof represented by end mill, and a dice. Among these a 
rigid film covering super-high-temperature-higb-pressure sintered body of this invention, When 
temperature, friction, a thermal shock, a compression shock, etc. use it In micro as cutting 
tools, such as rotary cutting tools, sych as a chitting tool which serves as a severe condition 
most especially a drill, and an etid mfll, m6 a throwaway tip, it is desirable from demonstrating 
the characteristic of a substrate and a rigid film the optimal, in using this rigid film covering 
super-high-temperature-hlgh-pressure sintered body as a cutting tool, there is a problem of a 
cutting edge relevant to a nick, chipping, etc. besides a problem of profile irregularity in the 
surface mentioned above. A problem of this cutting edge is desirable [ it is also preferred to 
solve, for example with honing shape, such as camfering ancMor R form, and ] from excelling in 
the peeling resistance of a tunic, and the minute chipping nature of a cutting edge, when 
coating thickness Is decreasing toward a cutting blade ridgeline part especially. 
[0026]Film thickness of each class which consStutes a tunic is that it is preferred that the total 
film thickness of a tunic shall be 1-20 micrometers, when choosing is preferred and it uses it 
for the severest cutting toot etc. by composition of a use, shape, and a tunic. When using it for 
a wear-proof tod etc., it is also possMB to thicken film thickness of a tunic fur^er, but it is that 
it is preferred to use the above-mentioned total film thickness grade from a ooattng process 
serving as a long time etc. When becoming with stoichiometric composition, a case where it 
becomes with norhstoichlometrlc composition may be suf^dent as quality of a reinforcement 
dispersed matter which first contains in a substrate a Hgid film explained In full detail above, 
and It consists of non-stoichiometric composition substantially in many cases, 
[0027JA rigid fiim covering super~high-temperature-high-pressure sintered body of this this 
invention, A super-high-temperature-high-pressure sintered compact or a super-high- 
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temperature-high-pressure sintered compact of cubic boron nitride content mentioned above 
represented by a cubic boron nitride system sintered compact marketed from the former and 
diamond system sintered compact is used as a substrate, After grinding the surface of this 
substrate if needed and performing ultrasonic cleaning, organic solvent cleaning, etc., a tunic 
can be covered Vv'lth PVD, a CVD method, or piasma CVD method currentiy performed from 
the former on a substrate, and It can produce. Especially a rigid fiim that adjoins a base 
material surface and is covered. When it produces by the foilowing PVD, the characteristic and 
adhesion of that gaseous phase epitaxial crystal growth and crystal orientation of that 
improvement in plasma density and improvement in ionization efficiency are attained and the 
rigid film itself become easy and a rigid film are a desirable thing from excelling more. 
[0028|When the important feature is concretely explained in full detail as a method for covering 
a rigid film which adjoins a base materia! surface and is covered, the surface of a substrate, At 
feast one sort of mechanicai processes in blast processing, a shot peening process, grir>ding 
treatment, and barrel processing which are performed from the former. At least one sort of 
chemical preparation in washing by surface corrosion by electrolytic etching by an acid or 
alkaline electrolysis solution, an acid solution, and an alkali solution or water, and an organic 
solution, When processing chosen from a disposal method which performs this mechanical 
process and chemtcaJ preparation $lmultaneoiis or independently is perfomied, it is desirable 
from the ability to control [ that a defect of a base nfiateriat surface is removabte, that the 
adhesion of a rigid film can be Improved that distortion in a film can be controlled, and ] a 
defect in a film. A substrate is that it is also prefenred to add such mechanical treatment and/or 
chemical preparation, and heat treatment by low temperature, and to heighten an above- 
mentioned effect. 

[0029] If it is preferred to carry out by PVD represented by a sputtering technique and the ion 
plating method as for a coating method of a rigid film and it carries out by the magnetron 
sputtering method or the arc-pla$ma ion plating method among these, From adjustment of a 
rigid film being easy, it is especially desirable. A substrate is spedficaily arranged, for example 
in a reaction vessel of an ion plating system. When canrying out bombardment processing of 
the base material surface and bc^bardment processing by ion of a metallic element and/or a 
nitrogen element or bombardment processing by both metallic element ion and nonmetalllc 
element ion is performed, an above-mentioned effect will be heightened and it is desirable. 
[OOSOlThe coating method of a still more concrete rigid film needs to attach importance to 
influence of the device itself, such as adjustment of structure of a reaction vessel, and plasma, 
For example^ a thing for which a device made to generate acceleration and piasma of ion with 
a power supply (puise form high tension and high frequency are added depending on the case) 
of high tension and a device which can adjust plasma by a magnetic field are used, In addition, 
a thing for which it is necessary to consider about arrangement of ambient pressure power in a 
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reaction vessel, temperature, arc-discharge-currents . voltage, substrate bias voltage, and a 
sample, etc., and especially arc discharge voltage is made high to the conventional conditions 
among these. Rotation, up-and-down motion, etc. of making substrate bias voitage high, taking 
in a gaseous phase epitaxial crystal growth method currently performed from the former, and a 
sample serve as important requirements. 
[0031] 

[Embodiment of the Invention] 

[Operation examination 1] An operation examination explains the embodiment of this invention 
explained in full detail above as a still more concrete example of representation. First, the 
cemented carbide of SNGN120408 shape by the ISO standard produced through each 
process of the conventional combination, mixing, shaping, and sintering is made into base 
metal. The substrate of the super-high-temperature-high-pressure sintered compact of the 
cubic boron nitride content which becomes a corner part used as the edge of a blade of this 
cemented carbide base metal by the composition component shown in Table 1 was joined, 
and the compound sintered compact was obtained. This compound sintered compact joins 
directly the cubic boron nitride content composition component shown in cemented carbide 
base metal and Table 1 by pressure 5.5GPa and super-high-temperature-high-pressure 
sintering of the temperature 1773K. The case where a super-high-temperature-high-pressure 
sintered compact Is joined to cemented carbide base metal by silver low attachment may be 
sufficient as a compound sintered compact. A grinding process is performed for the upper and 
lower sides and the peripheral face of these compound sintered compacts by the diamond 
wheel of 270#, The rigid film was covered with the arc ion plating system, after performing -25 
degreexdOmm honing to the tip part by the 400# diamond wheel and performing wet blast 
processing, washing processing, and a drying process for the surface further. 
[0032]The disposal method covered the rigid film, after carrying out bombardment processing 
of each compound-sintered-compact surface (especially base material surface) in a reaction 
vessel. Bombardment processing set [ the temperature of the vacuum and the substrate ] bias 
voltage of 60-80A, and a substrate to -400 - -700V for 823-873K, and an arc current, and 
performed atmosphere in a reaction vessel by Ar-N^ gas bombardment. Covering of a rigid film 
1 50 - 450SCCM and an evaporation source for the gas mass flow in a reaction vessel Ti metal 
(for Ti compound layers), or Ti-aluminum alloy (for Ti-aluminum content compound layers), this 
invention article 1-10 which performed [ 150-350V, and an arc current ] 773-923K, and 
substrate bias voltage of the compound sintered compact for 150-250A, and the substrate 
temperature of the compound sintered compact by -100 - -200V, and showed arc voltage in 
Table 2 was obtained. 

[0033]The atmosphere in a reaction vessel at the time of rigid film covering at this time, The 
case where the cases of a TIN layer and (Ti, aluminum) N layer are gas composition and Ti 
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(C, N) layer N^-C^H^ gas composition, The case where the cases of a TIC layer are CH^ gas 

composition and Ti (N, O) layer N2-CO-CO2 gas composition, It carried out by the N^-CH^-CO 

gas presentation, and carried out by the case of Ti (C, N, O) layer having changed from the 
alloy with many Ti elements to the evaporation source of this invention article 4 to the alloy 
with many aluminum elements, and this invention article 1-10 with which the rigid film shown in 
Table 2 was covered was obtained. 

[0034]The rigid film shown In Table 3, respectively was covered on the surface of the 
isomorphism-like compound sintered compact which obtained it as comparison by carrying out 
silver low attachment of the super-high-temperature-high-pressure sintered compact of the 
cubic boron nitride content marketed at cemented carbide, and the comparison article 1-5 was 
obtained. The surface of the compound sintered compact of use in the above-mentioned this 
invention article 1-10 was [ the surface of the compound sintered compact of use in the 
comparison article 1-5 of the surface roughness of the compound sintered compact ] Ra=0.1- 
0.05m!crometer to Ra=0.01-0.005micrometer. Except for wet blast processing, others were 
processed almost in a similar manner among the surface treatments of this invention article 
which the surface treatment of the compound sintered compact in the comparison article 1-5 
mentioned above. Ar gas performed bombardment processing in the comparison article 1-5, 
and covering of the rigid film processed arc voltage almost in a similar manner among the 
processing condiiions of the rigid fiim of this invention article mentioned above excepi having 
sel 150-200A, and substrate bias voltage to -80 - .200V for 10-50V, and an arc current. 
[0035]fn this way, about each of the obtained this invention article 1-10 and the comparison 
article 1-5 with X-ray diffractometer. Using Cu target, the range of ang!e-of-diffraction degree 
2theta=30-80 degree was diffracted from the rigid film surface, and each peak intensity of the 
crystal face (1 11) of a rigid film, the crystal face (200), the crystal face (220), and the crystal 
face (311) was measured. The horizontal axis measured the height of the peak with 
respectively high intensity to the 1st - the 3rd per mm among the X diffraction patte.rns as 
which a vertical axis expresses peak intensity with the degree of angle of diffraction (2 theia), 
and, as for measurement of peak intensity, showed the result in Tables 4 and 5. Although 
great difference [ the peak high to the 1st in this invention article 1-10 of Table 4 was a crystal 
face (200) and / the 2nd peak high to the 3rd / a crystal face (11 1), a crystal face (220), and a 
crystal face (31 1) ] hardly, the crystal face (111) and (311) the crystal face were measured. 
The comparison article 1-5 of Table 5 measured the crystal face, the crystal face (1 11), and 
(311) the crystal face simiiariy (200). It checked that the rigid film of this invention article 1-10 
at this time consisted of a cubic crystal structure. 

[0036]About such this invention article 1-10 and the cornpanson article 1-5, the state of the 
rigid film was mainly investigated using a scanning electron microscope, the metallurgical 
microscope, the EDS device, the Vickers hardness tester, and the scratch testing machine that 
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scratches and is equivalent to a hardness tester. The ffim thickness of the rigid film was shown 
in Tables 2 and 3 among these results of an investigation. The scratch intensity measured as 
peeling resistance of a rigid film showed each result In Table 6. The oxygen content in the rigid 
film layer of the rigid film which oxygen contained among the rigid films of this invention article 
1-10 was 0.2 atomic ratio to the whole nonmetalfic element. (Ti, aluminum) The rigid film layer 
of N was Tl:aluminum-1:1 mostly, among these this invention article 4 was N (Ti, aluminum) 
rigid film layer of the inclination presentation which aluminum element increased gradually 
to¥^ard the membrane surface from the substrate side. The rigid film layer of Ti (C, N) in this 
invention article 5 and 10 consisted of a columnar crystal crystal. 

[0037]Subsequentiy, the dry type continuous cutting examination was done according to the 
following cutting conditions using this invention article 1-10 and the comparison article 1-5. a 
cutting condition ■-- in FCD70 and cutting speed, 500 m/min and delivery canried out, and, in 0.1 
mm/rev and slitting, 0.3 mm and tool shape carried [ the work material ] out more, without 
SNGN120408. When chipping of a cutting edge and an enveloping layer exfoliated, the result 
of the cutting examination made the tool life the time of the amount of average flank wear 
amounting to 0.2 mm, found each machining time at that time, set the sample of the shortest 
life to 1 , and wrote it together to Table 6 as a life ratio to the sample of the shortest life. 
[0038] 
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[Tabie 4] 
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[Tabie 5] 
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[Table 6] 











^■1 


' ■■iM',': 






2 








3 


130 


4 3 




4 


140 


39 




:.:.5. 


leo 


4,7 




6 


■ ,140, 






7 


L 160 




& 


8 


140 


S.2 




§ 


150 






iO 


140 


u 




1 


SO 


\0 


m. 


2 




1,4 


m 


3 


■„;:„:::: :„„,:50::; , . . . 


1.S 


m 


4 


Wm :es 


i.l 







50 


u — * 



[0044] 

[Operation examination 2] Using the comparison articie 1-5 shown in this invention article 1, 2, 
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3, 4, and 10 and Tabie 3 showing in Table 2 of the op&ratton examinatton 1, further on each 
rigid film surface as other films, The film of aluminumgOg and T\H was covered with the 
method from the former, and the comparison article 6-10 shown in this invention article 11-15 
and Table 8 showing in Table 7, respectively was obtained. In this way, about this invention 
article 11-15 and the comparison article 6^10 w^ich were obtained, a rigid film and other films 
were investigated like the operation examination 1, It a$ked for the scratch intensity from the 
tunic surface, and the result was shown in Table 9. About this invention article 11-15 and the 
comparison article 6-10, the cutting examination was done like the cutting condition of the 
operation examination 1 , and it asked for each life ratio to the comparison article 1, and wrote 
together to Table 9. 
f004S] 
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[Table 8] 
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[Table 9] 
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[0048] 

[Operation examination 3] this Invention article 16 - the compound sintered compact for 20 
were obtained almost simifariy except having used the substrate as the composition 
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component shown in Table 10 among the compound sintered compacts used for this invention 
article of the operation exammation 1, On the surface of these compound sintered compacts, a 
rigid fHrn and other films were covered tike the operation examinations 1 and 2, and this 
Invention article 16-20 shown in Table 11 was obtained. About such this invention article 16- 
20, like the operation examination 1, the crystal face peak height ratio by the X diffraction in 
the rigid film surface was calculated, and the result was shown in Table 12. About this 
invention article 16-20, almost like the operation examinations 1 and 2, it asked for the scratch 
intensity from a rigid film or the tunic surface, and the result was shown in Table 13. Next, this 
invention article 16-20 and the comparison article 1 in the operation examination 1 are used, In 
aluminum- Si alloy and cutting speed. 300 m/mtn and delivery performed 0,1 mm/rev, slitting 
performed 0.2 mm, tool shape did the dry type lathe-turning examination according to the 
cutting condition of SNGN 120408, and the work material asked for each life ratio to the 
comparison article 1 , and wrote together the result to Table 13. thjs invention &mciQ 16 and 1 9 
at this time performs a brush honing process with diamond powder and a brysh so that the film 
thickness of a tunic may decrease toward a rtdgeline part. Co and/or nickel of ultralow volume 
coritained in the rigid film of this irivention article 16-20, 
[0049] 



[Table 10j 
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[Table 11] 
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[Table 12] 
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[0052] 
[Table 13] 
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[0053] 

[Effect of the InventionJThe rigid film covering super-high-temperature-high-pressure sintered 
compact of this invention by consideration by the crystal structure of a substrate and a rigid 
film, and consideraUon by a process- The rigid film by Ihe crystal growth and crystai orientation 
which were approximated to gaseous phase method ^p\\ck%\^\ Is covered, It is [ that distortion 
by the rigid film itself and a defect are controlled, ] a rigid film of a fine crystai, it contrasts with 
the rigid %m covering sintered com[pacl which separated from a conventional rigid Htm covering 
sintered compact or this inverttion from It being the rigid film in which rigid film strengthening 
subslancGS, such as a columnar crystal crystal and/or a iittie metal, were contained depending 
on the case, The adhesion and peeling resistance of a substrate, a rigid film and a rigid film, 
other films, etc. are dramatically excellent. The high toughness, the high ihtensity, the heat 
resistance, the thermal shock resistance, oxidation resistance, and abrasion resistance of the 
composite hard film itself are excellent, As the result, for example, the thing for which the high 
toughness, the abrasion resistance, the thermal shock resistance, the defect resistance, 
oxidation resistance, and weidfng-pmof nature to which importance is attached as a cutting 
tool improve notably, and reinforcen^nt Is attained when it is used as a cutting tool, There is a 
prominent effect that efficient-izatton in cutting being attained and variation are small stable. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
daraages caused by the use of this taranslation. 

1, This document has been translated by computer. So the translatfon may not reflect the 
mgmai precisely. 

2. **** shows tfte wof6 which can not be translated. 
3. in the drawings, any words are not translated. 



CLAIMS 

iClaimfs)] 

[Claim 1]A tunic is covered by the surface of a substrate which becomes vt/ith & super-high- 
temperature-high-pressLire sintered compact containing cubic boron nitride and/or a diamond, 
and this tunic, A Ti compound layer which becomes by carbide of titanium, a nitride, carbon 
nitride, a carbonation thing, nitric oxide, and a charcoal nitric oxide, And complex nilndes. 
compiex carbide, compound carbonitnde containing titanium and aluminum, It has a rigid film 
which becomes by one sort of rnonoiayers or two or more sorts of multiiayors selected from Ti- 
aluminum content compound layers which become by compound nitric oxitJ-',', ;:c-n;pound 
carbonation thing, and a compound charcoal nitric oxide. When the X diffraction of the range 
as which a crystal face of (1 11) of this rigid film, (200), (220), and (31 1) is displayed by this 
rigid film consisting of a cubic crystal structure using a copper target from tlie surface of this 
rigid nirn is carried out, A cryslai face (200) siiows high peak intensity (it ex[)rftsse;- "A") to the 
1st in an X diffraction peak, peak intensity (it expresses "B") high to the 2nd iS received ■■ ihis - 
- a ratio of high peak intensity becoming the 1st or more from 8.5 (A/B>=8.5), and to it, and 
peak intensity (it expresses "G") high to the 3rd is received - this - a rigid film covering super- 
high"temperatufe-h:igh-pressure sintered compact in which a ratio of high peak intensity (B) 
becomes the 2nd or less by 2.0 (B/C<-2.0). 

[Claim 2]Compound boride characterized by comprising the following, compound ******** and 
aluminiim, Ti, Co, nickel, -Si, these mutual alloys, the rigid film covering super-high- 
temperature-high-pressure sintered compact containing at least one sort of quality of a 
reinforcement dispersed matter selected from intermetailic compounds according to claim 1, 
The above-mentioned substrate is 40 to 98 % of the ■-A-eighl about cubic boron nitride. 
The remainders are carbide of Ti, a nitride, carbon nitride and boride, a nM<ie of aluminum, an 
oxide, boride and a nitride of Si, carbide, an oxide of Mg, carbide of W and these mutual solid 
soiutions, Ti, and aluminum and Mg. 
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[Claim 3]The rigid film covering super-high-temperature-high-pressure sintered compact 
according to claim 1 or 2 which consists of 0.1 micrometer or less by average surface 
roughness according [ surface roughness of this substrate ] to Ra of JIS in the above- 
mentioned substrate. 

[Claim 4}A ngid film covering super-high-t^mperature-high-pressure sintered compact given in 
any 1 paragraph of claims 1-3 which become in lamination characterized by comprising the 

•fblJowirig. 

The above-mentioned tunic is the above-mentioned rigid film. 

A layer of an aluminum oxide which adjoined this rigid film arvd was covered, 

[Claim 5iA rigid film covering super-hlgh-ternperature-high-pressure smlerea compact given in 
any 1 paragraph of ciaims 1-4 which consist of 0.1 micrometer or less by average surface 
roughness according [surface roughhess of this tunic ] to Ra ofJ\B in the above-mentioned 

4uni:C. 

[Claim 6]A mui UUv, ojvcnrsg super-high-temperature-high-pressure sintered con-f>oGi given in 
any 1 paragraph of claims 1-5 for which a columnar crystal the above-mentioned ngid nim 
comes to be perpendicularly pllJar-shaped to the surface of ttie above-mentioned substrate is 
contained. 

{Claim 7]A rigid film covering super-high-tempefature-high-pressure sintered compact given in 
any 1 paragraph of claims 1-6 which the above-mentioned rigid film adjoins the above- 
mentioned substrate, and are covered. 

[Claim 8jThe rigid film covering super-high-temperature-high-pressure sintered compact 
accord-no to claim 7 m v/n\c'r\ the above-mentioned rigid film which adjoins the above- 
menfioned substrate and is covered becomes by at least one sort of Ti compound layers in 
carbide of titanium, a filtrlde, carbon nitride, a carbonation thing, a nitric oxide, and a charcoal 

nitric oxide. 

[Claim 9]A Ti compound layer to which the above-mentioned Ti compound layer is expressed 
with Ti(C^, Ny, O^) ^, An atomic ratio of carbon (C) element in a nonmetallic element and y [, 

however x An atomic ratio of niffogen (N) element In a nonmetallic element, An atomic ratio of 
a nonmetallic element to titanium (Ti) element whose z is m atomic ratio of oxygen (O) 
element in a nonmetallic element and whose wis a metallic element is expressed, The rigid 
film covering syper-high4emperatum-htgih-pres$ure sintered compact containing] where each 
has a relation of x+y+z«1, 0.5i*wx>«0, 1>-y>»0.6, 0.5>"Z>«0, and AM>^>~0,7 according to 
claim 8. 

(Claim lOjThe rigid film covering super-high-temperature-high-pressure sintered compact 
according to claim 7 in which the above-mentioned rigid film which adjoins the above- 
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nienlioned substrate and is covered Decomes by at least one sort of Tf-alumlnum content 
compound layers in complex nitrides, compiex carbide, compound carbonitride, a compound 
nitric oxide, a compound carbonation thing, and a compound charcoal nitric oxide containing 
titanisj-rn and akmiinum. 

[Claim 1 1jTI-akiminum content compound layer (to which the above-mentioned Ti-aiurninum 
content compound layer is expremcf with ^^^^ aluminum ) N O ) w ^" atomic 

ratio of Ti (titanium) element in a metallic element and b a An atomic ratio of alumtnum 
(aluminum) element in a metaiito element, An atomic ratio of carbon (C) element in a 
nonmet^iiic efemenl and y x An atomic ratio of nitrogen (N) eJement in a nonmetallic element. 
An atomic ratio [ as opposed to / as opposed to / in z / an atomic ratio of oxygen (O) element in 
a nonmetallic element / the sum total of a metallic element In w ] of the sum total of a 
nonrnetaific element is expressed, each - a+b - = - one - 0.8 - >= - a - >= -- zero . - four -- 
- SB - one 0.5 - - x >» - z&ro - one ™ >= ~ y - >« - zero . five - 0.5 - >=; - 
2 - >= -- zero - 1.05 - - w - >» - OJ - a relation - It is -j - containing - being according 
to ciaim 10 a rigid film - covering - super- - high temperature high pressure - a sintered 
corrspact . 

[Claim 12|A rigid film covering super-high-temperature-high-pressure sintered compact given 
in any 1 paragraph of claims 1-6 whose above-mentioned rigid films are the multilayers more 
than t'.vo-iayer [ of the above-mentioned Tl compound layer and the above-mentioned Ti- 
alurninum content compound layer ]. 

[Claim 13jA rigid film covering super-high-temperature-high-pressure sintered compact given 
in any 1 paragraph of claims 10-12 which the above-mentioned rigid film becomes by 
inclination prosentation in which aluminum elemental content in tiio -jr^ovc-iTicntioned Ti- 
aiuminum content compound layer decreased toward the abovc-montioned substrate side from 
the surface of this Ti-aiuminum content compound layer. 

[Ciaim 14jThe above-mentioned rigid fiim which adjoins the above-mentioned substrate and is 
covered, A rigid film covenng super-high-tomperature-high-pressure sintered compact given in 
any 1 paragraph of claims 7-13 which at least one sort of rigid fiim strengthening substances 
chosen into this rigid film from metal of nickel, Co, W, Mo» aluminum, and Ti, these mutual 
alloys, and these intermetailic compounds contain, 

[Claim 15]A rigid film covering super-high-temperaiure-high-pressure sinuored c<'>rnpact ^ii 
which a rigid film covering super-high-temperature-hign-pressure sintered compact of a 
statement is used for any 1 paragraph of above-mentioned ciaims 1-14 as a cutting tool. 
[Claim 16]The rigid film covering super-high-temperature-high-pressure sintered compact 
according to claim 15 sn vvhich, as for the above-mentioned cutting tool, film thickness of the 
above-mentioned tunic is decreasing toward a ridgeiine part 
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